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Highlight: Esters or the amine formulation of silvex and 2,4,5-T wwe equally toxic to toIJ larkspur. Repeated annual fmafmenf~ with 2,4,5-T, silvex, dicamba, and picloram proved equally effective for controlling fail larkspur. Applicationsof 2,4,5-T (or silvex/ at 4 IbJacre for each o,f two mmmers were the most economical of the various effective treatments evaluated.
Tall larkspur (Delphinium barbeyi
Huth.) causes sevex and sometimes catastrophic losses of cattle grazing the subalpine ranges of Utah. The losses occur because tall larkspur grows on relatively small, localized areas in the subalpine zone where it receives an almost continuous water supply during the summer (Cronin, 1971) . Tall larkspur is palatable to cattle (Kingsbury, 1964) . Repeated or split applications of 2,4,5-T [(2,4,5-tiichlorophenoxy).acetic acid] and silvex [(2,4,5-trichlorophenoxy) propionic acid] have effectively reduced densities of tall larkspur for periods of 5 or more years (Cronin and Nielsen, 1972) .
Controlling tall larkspur with herbicides is the best established method that is effective and without serious adverse ecological effects to the plant community or soil (Cronin and Nielsen, 1972 
Study
The purpose of this study was to determine the relative effectiveness of 2,4,5-T and silvex, and whether the lowvolatile esters or the oil-soluble amines of these herbicides were more toxic to tall larkspur. A randomized-block design was treated with the propylene glycol butylether ester or the diethylamine salt of both 2,4,5-T and silvex. Each formulation of each herbicide was applied to four replications at rates of 4 or 8 lb/acre of the active ingredient.
One plot in each block remained untreated as a check plot. All plots were inside an exclosure at 9,800 ft near the head of Manti Canyon of the Wasatch Plateau in central Utah. Herbicide treatments were applied July 11, 1963.
The objectives of this study were to evaluate the toxicity of dicamba (3,6-dichloro-o-anisic acid) and of high rates (16 lb/acre) of 2,4,5-T to tall larkspur and associated species; and to determine the longevity of soil sterilization resulting from applications of abnormally high rates of picloram (4-amino 3,5,6-trichloropicolinic acid). The propylene gly-~01 butyl ether ester of 2,4,5-T was applied at 4,8, and 16 lb/acre of active ingredient. The diethylamine salt of dicamba and the potassium salt of picloram were applied at rates of 2, 4, and 8 lb/acre of active ingredient.
All treatments and the untreated check were replicated four times 220 1965 , July 8, 1966 , and July 20, 1967 by the phenological development of tall larkspur and selected species. Plots were on a snowdrift area at 9,800 ft and were grazed by cattle.
Results and Discussion
Although changes in the densities of all plant species and the percent bare ground were recorded on each sampling date and will be reported in detail later, only the changes in densities of tall larkspur are reported here. However, it may be assumed that herbicide treatments increased forage production and did not significantly increase the percent bare ground unless noted in the following discussion.
Study
Significant differences between herbicides and rates applied existed in 1964, but these differences had disappeared by 1965 (Table 2) . Densities of tall larkspur remained significantly lower on all herbicide-treated plots, except for plots treated with the ester of 2,4,5-T at 4 lb/acre, than on the untreated check plots until 1966. Single applications of these herbicides seldom produce significant differences beyond the season after application. Protection afforded by the ex- lob  8a  9a  1Obc  8ab  11 a  12a  3ab  4a  5a  4a  4ab  4a  7a  8a  jab  4a  4a  7a  4ab  4a  3a  3a  la  3a  2a  3a  4ab  4a  6a  5a  6ab  6a  9a  8a ' Each value represents the average of four replications of each treatment. 'Means in the same column followed by the same letter are not significantly different at the 5% level. 3 Propylene glycol butyl ether esters. 4Diethylamine. closure contributed to the duration of differences measured here.
Because applications of 2,4,5-T or silvex were equally effective for controlling tall larkspur, either formulation of herbicide could be substituted freely without significantly changing the results. Applications of 4 lb/acre of either herbicide produced results equal to applications of 8 lb/acre of active ingredient.
Typically, single applications of either 4 or 8 lb/acre of active ingredient of 2,4,5-T had significantly reduced the density of tall larkspur for 1 or at most 2 years, as recorded in the 1963 study. However, treatments of 2,4,5-T in 1964 produced significant reductions that persisted through 1968, when these plots were last sampled (Table 3) . Environmental conditions and phenological development of the plants were similar when treatments were applied throughout this period. No explanation for the variation in response of tall larkspur was evident. It was evident, however, that such long-term reductions could not be achieved consistently with one application of either 2,4,5-T or silvex, and a single application of one of these herbicides should not be relied on for controlling tall larkspur.
Applications of 16 lb/acre of 2,4,5-T did not reduce the density of tall larkspur significantly more than did 4 or 8 lb/acre. Applications of 2 and 4 lb/acre of active ingredient of dicamba produced results similar to those from treatments with 2,4,5-T. Densities of tall larkspur remained lower on treated than on the untreated check plots until the third and fourth season after the treatments were applied. Even as late as 1968, the density of tall larkspur on plots treated with 8 lb/acre of active ingredient of dicamba was not significantly different from den- (Cronin and Nielsen, 1972) and the 1963 study reported here indicate silvex could be substituted for 2,4,5-T in any of these split treatments without significantly changing the results.
Conclusions
The options provided by the many effective treatments for controlling tall larkspur should be considered before choosing a particular herbicide treatment, The treatment should increase the production of the associated forage species. Higher rates of chemicals such as picloram should be avoided on sloping snowdrift sites, because of the high erosion potential (Ellison, 1954) . The cost of the various herbicide treatments should be an important factor in selecting a particular treatment.
The cost of the herbicides applied was small compared to the anticipated cost of applying them to relative small patches of tall larkspur scattered over rough terrain. Therefore, methods of treatment involving the smallest number of applications offered substantial financial reward.
These criteria indicated that two annual applications of 4 lb/acre of active ingredient of 2,4,5-T or silvex should be selected for controlling tall larkspur on subalpine grazing land (Fig. 2) . The re-
